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(57) Abstract 




A process of ^ovenng Cl 2 from a stream of HCl (10) which comprises the steps of supplying an HC1 stream (10) to a first fluidized 
bed of a earner catalyst CuO (12) in a first reaction zone (1 1) to produce CuCi£ H2O/ and heat; feeding the CuCh from the first zone (11) 
to a second reaction zone (16) via line (40); supplying O2 (17) to the second, reaction zone (16) to react with CuCl 2 in. a second <bed (15) 
at elevated temperature to produce CuO and Cl 2 ; feeding the CuO from the second bed (15) to the first bed (12) via line (41); removing 
Cl 2 from the second zone (16) via line (21) and recycling it via line (70) to the first reaction zone (11) for reaction with CuO at lower 
temperature to remove recycled HCl from the Cl 2 ; recovering the Cl 2 via line (23). A third fluidized bed is also disclosed 
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RECOVERY OF CfflXJRINE FROM HYDROGEN l©HI^DRIDE, 
WITH INTERNAL RECYCLE ?OFj HYDROGEN' GHEORIDE 

BACKGROUND OF THE INVENTION ? i a ^ t ^ ; 

This invention is useful in apparatus and process for the recftveryr of chlorine 
from waste or byproduct hydrogen chloride^ by means of a miMtiii^ 
pnx^s employing a-combined catalytic 
5 a byproduct from mahyHC^ 

pigments polyure^ ^ttfer useful %id 

economically important subst2uras.; T^ 

from large-scale electrochemical plants by shipment via rail;*truelc or barge. Tlfe b^roduct 
hydrogen chloride 4s collected 
.0 from some form of lime or caustic. ^ v v 

\m The:dei^ribed invention makestit pofcsibte to recycle tfie^^itogOT ^chloride 
in an economical and environmentally soimd ii^hner to recover ^^idhlon^^f^se ih the 
primal^ process; thus; materia^ 
and at accost which is^ 

5 SUMMARY OF THE INVENTION 

Basically, the process of continuously recovering chloi^%Bi#a4&«am of 
hydrogen chloride includes the steps: v ^ «; 1 

a) providing a first fluidized bed of earner 6atalyst; cupric oxide in a first 
reaction zone, .t ?s • ; - •;. - r . x-*; :\- l I 

0 b) supplying hydrogen chloride in a first stream to the zone for reaction 

with cupric oxide to produce cupric chloridei water and heat; remc^i^^hi^tffrom ttie zone 
to maintain the required temperature, removing - water from toe^zon^; and removing cupric 
chloride from the zone, 

c) feeding the cupric chloride stream to a second reaction z6herp>r6vidihg 
5 a second fluidized bed ofcci^ric (Moride^^ zrahev and ?| - ■ r 1 

d) ^ supplying oxygen in a third stream to the second zdhe^for reaction with ; 
cupric chloride in the secdnd^bed vat>;elevatedUten^>eratiires td^odiii^-cupric oxide afid 
chlorine, removing cupric ;oxide^from the secorift ^bed fck reuse ^as ^a catalyst- to prddiice 
cupric chloride, and - 1 ■ ; ^ 
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e) removing as, a fourth stream the chlorine, which "contains some 
hydrogen chloride, from the second bed and supplying said stream to the first fluidized bed 
in the first reaction zone to cause the recycled hydrogen chloride to react with the cupric 
oxide, and thus allow the chlorine product to leave the first reaction zone substantially free 
from hydrogen chloride, , » : o ^ ^ r x 

f) in an additional step a third reaction zone containing a third fluidized 
bed of r cupric s cMoride -can be provided which can be supplied with a fifth stream of oxygen 
and hydrogen chloride which will react to chemical equilibrium at elevated temperatures to 
produce chloriiie, water and heat, and UMpnyerti^. hydrogen chloride vand oxygen; which 
will be removed as a sixth stream, to be supplied along the first stream of hydrogen 
chloride, .and the fifth stream of chlorine to the ^first reaction zone fluidized bed, to react 
with cupric oxide resulting in additional production of chlorine product substantially' free 
from hydrogen chloride. n v ? mi >t 

This invention improves upon the disclosure of iU^S^^Patent: 4^9591202, that 
disclosure incorporated herein by reference as background. . v >t iw. k : 

; ^^These and otiier .objects a^^dyantages ?of the; invention^ as well as the details 
of an illustrative embodiment, will be more fully uiwierstood -from the following specification 
and drawings, in which: 

• ?H7- : S ,S * -iO . : 
DRAW^G DESCR^n^ ,,,, / , r , ! 

Fig. 1 is a block flow diagram; 
Fig. 2 is a material balance listing; , 
Fig. 3 is a tabulation of experimental results; 
Fig. 4 is a tabulation of process economic factors; 
Fig. 5 is a tabulation of process data; and 
Fig. 6 is a tabulation of process >data. 

DETAILED PESCRIP11QN 

The process, of this invention makes use of a unique carrier catalyst system 
having metallic elements in the t form of complex oxides and chlorides impregnated onto a 
carrier mass, such as alumina, silica, zeolite v or molecular sieve material of such a form as 
to be suitable for use in a multistage fluidized bed system. The chemicals reactions are 
caused to take place in a series of steps which include: 
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1) 2HCl(g) * ?l/2 Q 2 (g) : , - cij(g) + H;0(g) ' ; « - - ,: 

2) CuO(S) + HCl(g) Cu(OH)Cl(S) 

3) :-. 2Gu(OH)Gl(S) ChiiO Gl^(S) + H>0(8^ I; 

4) QijOCljCS) .00*'. ■ X^O(S) + CttCl^S) — ■ - - 

5 5). QaGmS)^ ..• .weafc.-i-fc cut ^euei(S) f ¥^/2^g)^ > ? ' ~:^ ! >V ; - 

6)- ■ 2GuGl(S) + 1/2 Gj(g) > efiGli(S) + CuO(S) ?;> k »■■•.-. 
i . These specific sieps xtake plac£^ 
temperature ranges, as .described bn?the tblock diagram. Fig: 1. ana* itf &e fbllbwu% steps ':' 
SteeJLReferring to Fig. 1, the stream 10 of hydiogcmh^iiie^^er 

0 anhydrous or contain mto 

reactor 11 through a?fiuidized bed M *6f Carrier catalyst o'f oSppef^^efW confer 
chlorides: wim sbdnmiachloridesjf deported bh a suitable -camer^ih >a%rl Wiaf ratio; 
Reactions ,2; 3, andcAifbrnmesfbrinatibm Mlce 5 flceWa' t ten^ramre ; - < 
niaintained^ the range of 150° to 22G°C. by providing a system 13 of heat transfer within • - 

5 tob*iW#*hkfckmMe» -aWay^^^na^^ r ^ f ^^^^|^ 4i*a^freferred 
arrangement^ a heae*xeh^ ^ unproved e^elulFelonomy olf 

process. 53 '.Ku-i-ic* m& &&s?i>;-Uis s*Q§eK» wk$m& i ■■' ^h^mm^wekm Mzgmm %.* sc fett-t; vi-u(; 

in particulate fbrm*ana«transfej^ 
) wherein step 2 takes place. X tpit -Mms <» ^•fe'jtef© if— g»v**v 

^ Stepiljltt^ Second r^ 
the complex chlorides* to f cupric<bxide 'toreiease^clilorm^ The fluidliwi beS In reactor 
16 is blown witoaigawouscnu^ 

down to 20% oxygen «ntermg- me Vreactor >at*17:- The^reactor at a 

1 temperature between<3(X)^andS360^ 

transfer 19 within the fluidizedibed. Vj ■■'-•*vc^t *«> -nmda:. »-*ss-., (Ptvv»-t V> ?,•.!:>= .>..--• -.osl •.-:<• 

One of --the Jreactidns ktakmg^place under the 5 temperature^coiiaiabns selected 
is the reverse t»f reaction (2) 'al^^leadite' to^tfie timitiofrdf miMm amou^of 7 
hydrogen chloride (ise^^^tm^^m^^ \&mim&$rm^ ! ias e&tm$tl^ec»nd 
> reactor, to improve me overallfTOnve^ • • 

avoid containination' o~E>toe*cMdri^^ 

recycle of hydrogen chloride to reactor 11 (see Fig.*~5 : HHty"'ft cShtihuous stream of - 
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carrier catalyst containing cupric oxide is withdrawn through line 41 and returned to bed 12 
in the first reactor. H ? 

Step 3. The total flow of hot gas; from the second reactor containing -Chlorine, 
oxygen, nitrogen, and some small amount of hydrogen chloride is recycled at 70 through 
heat exchanger 22 and to the first reactor 11 and the fluidized bed 12, where the contained 
hydrogen chloride reacts with cupric oxide returned from the second reactor 16 through 41. 
At the temperature r c^i^i|io^ : «lK^ M for Ae fiprst fluidized bed 42; 150 9 to 220°:C, only 
the hydrogen chloride; reacts, ;the oxygen, nitrogen, water,- and chlorine passing through 
without change. r $^gi^5^ ,t . t . A \. -\ ' - * ^ - ■ "• 

Step 4, Effluent gases leaving the first reactor at 23 consist of chlorine, water, 
oxygen, ^ niti^gen, ^!^ off to heat exchange at 85U arid 'to recovery system SO, 
for removal of water at 52, apd chlorine product gas at ,51 . v When operated as described, 
over 99% of the hydrogen cUoride 10 entermg the. system is convertedv to chlorine product 

, Step 5. In another ^process stc:p , ? ovei^l ^en^Neconomy can beimproved and 
capital cost can be decreased by adding a third reactor,3kto the ^system, which includes a 
fluidized bed 32 of catalytic carrier consisting of complex copper chlorides and sodium salts 
on a suitable carrier pp^ is 
supplied^wi^:^^ flow; 
. Note control valves 71—75 operable to enable step 5. >-} ? 

In this embodiment, -most of ^the, fresh feed ^hydrogen chloride flows to the 
third reactor 31 where 4^)%. to 70% of, the hydrogen chloride is. cpnverted to chlorine and 
water. Effluejit gas at 33 from ^ Ae.Aird react^ 

oxygen, and mens, which cqntroUably passes through valve 75 ;and joins, with the effluent 
gas 21 from second, reactor 16 to flow at 70 through heat exchanger 22 and into first reactor 
11 for complete recycle of hydrogen chloride and recovery of chlorine. ; : 

In this ^ternate, r Ae, ( third reactpr fluidized bed ^32 -is not circulated but 
remains constant , as a catalyst in the reaction zojie for the exothermic reaction, according to 
equation (1), (see Fig.^6) providing heat r to to drive the 

endothermic reaction^ in the segond reactor, and other high-level energy requirements^ 
as steam .turbines . in v the overall .system^ and eliminating the /need tfor -a high-temperature 
combustion systeyn to heat the second reactor. 
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Experimental work for thej further development of t^^ 
to investigate various metallic systems ^wariousvc^er^miasses> The work included tests 
with manganese, iron and chromium, with sodium and potassitim-based promoters: In some 
tests, the metals used jvere mixed with-copper^as well as used alone r The copper'content 
5 was varied fram ? 5ft%l^ weight pen^n^c^the^tot^ As a^result of 

the varies expe^ents^ 
system w^j^pper exi^ 

on a zeoht^fc^, wto^ catalytic cracking 

of gas oil in commercial petroleum refineries. :,;:vo t * i : d^frh ^ ^ *ww rv^-i..^.^ 

3 ;u .3 nAs.ap v Ulptration x)f th^streatm^compos process for 

recovery of chlorine t from hydrogen cMoride,5a^block flow diagram &d matena! balance is 
presented in Fig^- 2^vjrThe calcinated Tfstteams fre base* on^ more- ithai^' 25 ^ simulated 
experimentei C^ed out iWTtofa prarira 

f- As^an : Ulusti^don of ythe e^onomicefactors^ fdr^the ihvenudh^^ 

> design was : ;prepared for a plant processingf0jO(X) tdM-pfer^y ? 
chloride :aya(^an : t©pera^ ^ue>for^lhe byproduct 

hydrogen chloride feed, ffitese^results*^ >> 
of $46. P£i^&^ 

market. auvittia r*v,j>. ***-/s *^&.v> lo?:^*-?* "w^^^v^s . v ^KrSvxr i-*-' 

1 . ^#g- ^ilists process eccmomic^frctors^ 

operating cost. \ v*;: * v./j m^r.KK ?. v .., .• 

T^e T .oyer^V;system, as, described; vprovide^^for-essentially 100% conversion 
of hydrogen chloride to chlorine. The product chlorine can be product as a liquid or a gas 
stream of . 98 % plus purity , • No toxic >;or noxious effluent stress are ^produced to be 

I released to the atmosphere or ground water. Energy requirements of less than 20% of the 
standard electrochemical process were realized ^•as^well as significantly less^thM 1 reported 
consumptions for alternate^ proposed chlorine ;reeovery process Fig: -2 T sh6ws ^material 
balance data, j -nrr -v. a?- ui ; ^ : J >r. 1, .^.-.i-, ...-.-ijt/ ^ ai 

The invention also embodies the two reactor process or method set forth 

i below, wherein: the designated ^^c 

the designated .oxidizer reactor is the same as reactor 14fcitf*Figi*4:J*-- • v& *'">)* 
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a) providing at least two reactors, including a chlorinator reacted and an 
oxidizer reactor, and providing a fluidized bed of a carrier catalyst cupric oxide and cupric 
chloride in a reaction zone within the chlorinator reactor^ 

b) supplying a stream of hydrogen chloride to the chlorinator reactor, 

5 c) said stream reacting in the chlorinator reactor with said fluidized bed 

of carrier catalyst cupric oxide and cupric chloride at /temperatures between 150° arid 
220°C. exothermically to convert part of the cupric oxide to"^ cupric- chloride, arid cupric 
hy droxychloride , thereby essentially eliminating the hydrogen chloride to produce a product 
stream including inerts and water, which is removed from ithfe chlorinator iiiabtor; and 

10 d) passing a stream of fluidized carrier catalyst containing cupric chloride, 

cupric hydroxy chloride* and residual cupric noxide frorii* the eM^ be 
supplied to the oxidizer reactor in a bed operating at temperatures between 300- arid 380 ? G, 
wherein the?oxidi2«r^reae^^ 

reaction ^ with ; cupric chloride *and cupric hydroxy >chloride tdv^prbduce- cupric-bxide and a 
15 stream of cWorine^^ * — ^ 

e) ; ,j feeding the carrier catalyst stream containing cupric oxid^W-the 

oxidizer^reactq^ for;^^ 

. . ^ applying the r s^ 

from the oxidizer reactor to the chlorinator reactor to cause the hydrogen chloride portion 
20 of the stream to ^act^i^ J9ie % cupric oxide < in ^ at the ?bpferating 

temperature between 150° and 220°C, 

g) the product stream from the chlorinator reactor being chlorine rich but 
substantially free of vhydrogen chloride, • • - ^ r vi n 

h) and wherein heat generated in the chlorinator reactor can be optionally 
25 used to supply heat fox process use. > f 

The invention also embodies the three reactor process or method as set forth 
below, wherein the described -first reactor is the same asrreactor 31 in Fig .1: the designated 
second reactor is the same as reactor 11 in Fig. 1; and the designated third reactor is the 
same as reactor 16 in Fig. 1: < ;r - - • < r : A'- . - ? 

30 a) providing first, second and- third reactors: ^^and providing a fluidized bfed 

of a carrier catalyst cupric oxide and cupric vchloride in a ^reaction zone- within the second 
reactor, 
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b>.j. supplying hydrogen chloride and oxygen to react ; exo ! &ermically in the 
first reactor to produce a stream of chlorine and wafer, at--&effiS£Wiiii^Ml^$&Sfeen' 
300° and 400°C, and also unreacted hydrogen chloride *iiii : b&§c&$nti& i &T&SMved from 
the first reactor and flow to the second reactor and, - ' = **v»-.'...*m r.v:i'i, 

5 c) the stream reacting in the second reactor with the fluidized bed ! bf 

carrier catalyst cupric oxide and cupric chloride at temperatures between 150° and 220°C. 
exothermically to convert part of the cupric oxide to cupric chloride, and cupric 
hydroxychloride, thereby essentially eliminating the hydrogen chloride to produce a product 
stream of chlorine, water, inerts and oxygen which is removed from the second reactor, and 

0 d > passing a stream of the fluidized carrier catalyst containing cupric 

chloride, cupric hydroxy chloride, and residual cupric oxide from the second reactor to be 
supplied to the third reactor in a bed operating at temperatures between 300° and 380°C, 
wherein the* third reactor is supplied with oxygen to fluidize the bed, and for endothermic 
reaction with cupric chloride and cupric hydroxy chloride to produce cupric oxide and a 

5 stream of chlorine, hydrogen chloride and oxygen and, 

«- e) feeding the carrier catalyst stream containing cupric oxide to the second 
reactor for^eaction with hydrogen chloride, as defined in c), and 

sac f) supplying the stream of chlorine, hydrogen chloride, inerts and oxygen 
from the third reactor to the second reactor to cause the hydrogen chloride component of 

) that stream to react with the cupric oxide in the carrier catalyst at operating temperatures 
between 150° and 220°C, and 

g) the product stream from the second reactor which contains chlorine, 
water and oxygen being chlorine rich but substantially free of hydrogen chloride, 

h) and wherein heat generated in the first reactor exothermic reaction can 
be optionally used to supply heat for process use. 

In the above, the reactor 16 may be divided into two temperature zones. A 
gas stream from the hot zone at temperatures between 300° and 380°C. passes through the 
fluidized catalytic carrier maintained at between 150° and 220°C, to cause the hydrogen 
chloride present in the gas to react with the cupric oxide in the catalytic carrier, thereby 
producing an effluent product stream which contains chlorine, oxygen and water but is free 
of hydrogen chloride. 

As stated in the disclosure of U.S. Patent 4,959,202, the processes can be 
carried out using a catalytic carrier where manganese oxides and chlorides are substituted 
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for copper, with r gopd results, where a chlorination temperature in the range of 250°- 
350°C, and M oxic^tipii temperature of about 400°t450°C. • . 

: ^on oxides ai^ r chlorides also be substituted. 

Heat recovery and chlorine recovery from the product stream can be carried 
5 out as described mXI.S. Patent 4,959,202; ^ ^ 

_ ... • y * t ."■ '*■■; -V * " — 1 :- • •" ...... 



...... . i . 
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WE CLAIM : ., , >iM;i ,, . 

1 a Process of recovering chlorine from a stream of hydrogen 

chloride, the steps that include: 

a) providing at least two reactors, including a chlorinator reactor and an 
oxidizer reactor, and providing a fluidized bed of ^carrier catalyst >cupric oxide and cupric •' 
chloride in a reaction zone within the chlorinator reactor, 

b) .. supplying a stream of hydrogen chloride to the chlorinator reactor, 

c) said stream reacting in the chlorinator reactor with said fluidized bed 
of carrier catalyst cupric oxide and cupric chloride at temperatures between 150° and 
220°C. exothermieally to convert pan of . the .cupric oxide to cupric chloride, and cupric 
hydroxychloride, thereby essentially eliminating the hydrogen chloride to produce a product 
stream including inerts and water, which is removed from said chlorinator reactor, and 

» fof ;d) passing a stream of said fluidized cairier catalyst cbhiainmg cupric 
chloride, cupric hydroxy chloride, and residual cupric oxide from^said cWorinatdr r^ 
to be supplied to the oxidizer reactor in a bed operating at temperatures between 300" and 
380°C, wherem said oxidizer reactor ^ ^ for 

endothermic reaction wiA^upric chloride ^ 

oxide and a stream of chlorine, hydrogen chloride, inerts and oxygen and, 

e > ^feeding >said carrier hMtoly^ to ^ 

oxidizer reactor for reaction>wim-hydrogenscM w .- 

f) supplying the stream of chlorine, hydrogen chloride, inerts and oxygen 
from the oxidizer reactor to the chlorinator reactor to cause the hydrogen chloride portion 
of the stream to react with the cupric oxide -in the carrier catalyst at < the operating 
temperature between 150° and 220°C, ; ^ ; 

g) said product stream from the chlorinator reactor being chlorine rich 
but substantially free< of hydrogen chloride, v v . ^ 

h) and wherein heat generated in the chlorinator reactor can be optionally 
used to supply heat forfprocess use; ■ : n . 



2. The method of claim 2 wherein the oxidized reactor is divided into two 
temperature zones, and wherein a gas stream from>ithe hot -zohe^at temperatures between 
300° and 380«C. passes through the fluidized catalytic ncattierfmamtamfeavat between 150° 
and 220°C., to cause the hydrogen chloride present in the gas to react with the cupric oxide 
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in the catalytic carrier, thereby producing an effluent product stream which contains 
chlorine, oxygen and water but is free of hydrogen chloride. 

3. The method of claim 1 wherein said cupric oxide in said stream 
defined in e) of claim 1 is removed from said oxidizer reactor. 

4. The method of claim 1 including supplying heat to said oxidizer 

reactor. 

5. The method of claim 1 including removing chlorine from said product 

stream. 

6. The method of claim 1 wherein said heat generated in the chlorinator 
reactor is supplied to said oxidizer reactor, ; i ^ 

■ **,•'» ^ i - 

7. The r methp^of claim J owherein said catalytic carrierMs^selected from 
the group consisting of alum^ 

8. The ^tl^ of x^aim-lu stream of 
chlorine, hydrogen chloride, inerts, and pxygen flowing from the ^oxidizer reactor to the 
chlorinator reactor. i> ' • 1 ^ 

9. The method of claim 1 including controlling the supply of hydrogen 
chloride and oxygen to the reactors. 

10. In a process of recovering chlorine from a stream of hydrogen 
chloride, the steps that include: 

a) providing first, second and third reactors, and providing a fluidized bed 
of a carrier catalyst cupric oxide and cupric chloride in a reaction zone within the second 

reactor, "' v ; 

b) supplying hydrogen chloride ^and oxygen to react exothermically in the 
fluidized bed of carrier catalyst cupric chloride, and cupric oxide in the first- reactor to 
produce a stream of chlorine and water, at elevated temperatures between 300 and 380°C, 
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and alsounreacted hydrogen chloride and oxygen -^fiA^flano^^^-^ 
and flow to the second reactor and, x a . ^ . ct*. .• :■• .,» ? <■ 

c) said stream reacting in the second reactor with said fluidized bed of 
carrier catalyst cupric oxide* and cupric chloride at temperaniW^eeri" i$0* and 220°C. 
exothermically to convert part of ^cupric oxide - to ^pn l c «cn1oride^^d ! cupric 
hydroxychloride, thereby essentially eliminating the hydrogen chloride to produce a product 
stream ofccMorme; water;^mera^ a ^mbv^d !j n^^d -second' reactor, 
and 

d) passing a stream of said fluidized carrier catalyst containing cupric 
chloride, cupric hydroxy cWoride, and residual Veupnc 5 ^ reac i or to ^ 
supplied to said third reactor in a bed operating at temperatures between 300° and 380°C. 
wherein said third reactor is supplied with oxygen to fluidize said bed. and for endothermic 
reaction iwiA CTjpric^eMoride^and jcupr^ ox ^ e ^ a 
stream of chlorine, hydrogen chloride and oxygen and, \>? r ss ;>■•■-> 

e) feeding said carrier catalyst stream containing cupric oxide to the 
second reactor, for reacnomwimshydrogert cnlonde,- as defmed inland" : 1 6: 

x. 0 supplying the stream of chlorine, hydrogen chloridl?mery^^xygeh 
from the third reactor to the second reactor to cause the hydrogen chloride component of 
that stream^ to reacts with sflfe^cupric^o^ afraid operating 

temperatures between 150° and 220°C, and ■f.mmm a- nzgvm I 

g) said product stream from the second reactor which contains chlorine, 
water and oxygen being chlorine rich but substantially free of hydrogen chloride, 

h) and wherein heat generated in the first reactor exothermic reaction can 
be optionally used to supply heat for process use. 

11. The method of claim 10 wherein the third reactor is divided into two 
temperature zones, and wherein a gas stream from the hot zone at temperatures between 
300° and 380°C. passes through the fluidized catalytic carrier maintained at between 150° 
and 220°C. to cause the hydrogen chloride present in the gas to react with the cupric oxide 
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in the catalytic carrier, thereby producing an effluent product stream which contains 
chlorine, oxygen and water but is free of hydrogen chloride. 

12. The method of claim 10 wherein said cupric oxide in said stream 
defined in e) of claim 10 is removed from said third reactor. 

13. The method of claim , 10 including supplying heat, to said oxidizer 

reactor. 

14 . The method of claim 10 including removing chlorine from said product 

stream. 

15 , The method of claim 10 wherein said heat generated in the first reactor 
is supplied to said third reactor. ttf ; , s — 

1 6 . The method . of claim 10 including transferring^ heat from the third 
reactor tp, 4 .the.sg^i^.-.|f^c^r v ^ .. . v . v * -.a - • ^ % m .\ 

17. The method of claim 1 0 including controlling the supply of hydrogen 
chloride and oxygen to the reactors. * 
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